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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a musical sound 
synthesizing device enabling even a person incapable of 
performing an actual wind instrument to have pseudo- 
experience with the substantial performance of a wind 
instrument. 

SOLUTION: This device has a processor 103 for generating 
approximately equal time waveforms in a wind instrument 
sound via the solution of a nonlinear differential equation 
derived from the addition of a forced vibration term such as a 
voice to a synthesizing algorithm based on the sound 
production mechanism of a wind instrument, and a 
microphone 101 for inputting a voice signal to the processor 
103 as the forced vibration term of the differential equation. 
Also, the processor 103 generates a desired musical sound on 
the basis of each information (e.g. pitch, level and waveform) 
of the voice signal. In this case, a tone quality change peculiar 
to the wind instrument can be realized simply by controlling a 
voice generation mode. For expressing a growl (a trembling 
phoneme appearing at the rise of a sound), for example, a 

trembling sound is pronounced directly by a voice, and the input of a voice in the 'ta'-column or the 'ka'- 
column is simply required for expressing tanging. 
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*a*nfcj*o &a*t*£:. ^tes^a-fc^ 
£©&©) «^+iF$n-5©T, At^&wfi©^/-^ 

[0 0 4 8] — ?j. EI 7 (A) JglSU'S 
Jl^&^i^OT^ft^SJ:?^)^— ^ s *X*>~$ 
&fiEIf-?ydot(il7 (B) I^Tcfc^te 

1 5 (D) (C^-r^co^^^gBO^^^-^i: 
K&JBttO^l^ttJBfc&S. 0 7 (A) (r^T 

We (»©*"©fi»W) CBK(|l/^bOT*5. * 
SL&P*©*^. LftV^Cffi*. ttV»»ttSCi 
JfcSMT-tt. TTfT©#aj £ r^fr©* 

[0 0 4 9] 0 2©M#;fr®i${::a»AL/tAT 

50 (ft 1 1 ) {C*3UT. xdot, ydot, zdo 



( 7 ) 



11 

tKD^mz&^T &miz at zm^tzw. <&mm m 
SB) tcm^t-e-n^n^sfewTS.-s. mA.u. yd 

o t C»«tS ATll (ft 6 ) 1 3 \Z7r,?mft 

§§6 0 6©H^ftdfC*fJt;-r-5 <*«=i>:7 r 7-f7 , > 
XCJrigJtWS) o CtlKttLx^ztCttfSTSAT 

ftt&S. ^*©^-&figg«T«, /\**£ftkte7> 

sS*T*-5fti>. *«Wlc*t»Ttt. SJfrfHtlcfco 

Tita5*fiSiW» , ra*. lews ressMM) ic 

*5^T, /?*£ftk (/Y^ftkKftJ&S-SifcAT) ft 

fe. AT* (1(12) (C^L-feckpfC^jlOfflibT 

C3t»TR«tS. ±M!Lfc:J;5{CATti^#n>y7 



10 
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S£oT, AT©fgft<fc 0/hS<-T*i. T^Xtf— XF«g 

[0 0 5 0] #529I©*«£(M£KTtt. CCD^!C»S 
U H 1 JC^T«fc 5 CAT«j(» 1 0 5 ftfit*.*:. & 

[0 0 5 1] 





A T 


0 ( a - IX ) 

1 < h □ > # - > ) 

2 ( l>7M7 M 

3 (ffv3Dh7>^vh) 


0. 0 2 5 
0 . 0 5 
0 . 1 
0 . 2 



[0 0 5 2] 
[*2] 



tvf [Hz] 


A T 


200 (hD>-lf->0sy|^^) 
400 <K7>t^h(D$^Ef|ig) 
800 (eoD^^^fljijffi) 


0 . 0 2 5 
0 . 0 5 
0 . 1 

1 



[0 0 5 3] m 1 IZ&^X. 1 0 8 !CA#3n 30 

5MODE75^tt0Oi^. AA* (JfeSSiBSx 
)J«I«Sn6. ATSiJPSBl 0 5tt 

(Si) l:^tf-^Ti&5i:t5. ATfffllWgBl 0 

ah. ^n-ty-y- 1 o 3rt(=8!issn. sfcasaig*^ 

—i?\zfcCfz^Qrf'&f$.znz> z\ t tft-s. — 73. mo 

10«§. BA77 (fcf-y^fflffiggl 0 9 

a«as?aft*. atswmbi o 5 

tt (*2) IC^-Tt 1 — ^;P3?»*fr*. ATSWfBl 

0 5*6.(J. ^©ey^fCJC^fcATOffld^^-ffia 40 

*u yp-t-v-y-i o 3rt(cig^an, #*»a»*x- 

(a fcf -y ^om&te tf >y n P h 5>^7h & ifCDJ; -5 
tC) . a«iWt:IW0»ASuid:*«t?*S. Sfc (*2) 

X(C (3I*WK) fr*.*. ft*5. fcJy^ttmSl 0 9tt 
T^D^v^l^t&ggl 0 2<Dtt)73 (^v^UOSJ* 50 



[0054] ^:tcNcDjS*TS€>^, N«i-y->yu> 
yftlWTsfcfcOi;: (ftii) o^»7j@^;ftllfT-r-5 
igftT&o. N3St**wntf**t»e. (ftio) ©a 

Sal/-— hT* Hi left: 0. S60ififl5l*^i»-r. ffi 

Noiao*«icrt?i;T. (»i3) jc7R-rH«*« 

^ e> A T ©fit ftDa^T -5 !&g#& -5 . 
[0 0 5 5] 
[*13] 

N * A T = 0. 4 

[0 0 5 6] (ft 13) OH«a*ffll»ntf. Nt'Jc-p 

HI 1 fC^T J: a lc;U-:/<W»» 1 
0 6ft{f*_. *-^«»ail 0 6ft. ^ggffifg^^-^ 
tcS^'^TNWfltfttti^-r-S^-^iL-Jt. (S3) 

[0 0 5 7] 
[S3] 



13 



*B« ffi m ? - 




N 


0 l-7t) 




1 


1 ( H □ > # — 


> ) 


2 


2 


h ) 


4 


3 ( K * 3 D K 


3 > 'V h ) 


8 



ffl U A T = 0 



1 fl)*^fcti 



10 



[0 0 5 8] ST, 0 2 I'^f S^S^Tte, dTScD 
^§f-^^ydoti:U;^ (ft 14) tc^t*^ 

(I — >3>hD-JW ^fTX^o yllydotsa^ 

out=(ydot*Mg)+{y*( 1 -Mg)} 
ii U outtt 3 © £ f& * ^ 
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tot (»i4) >Mg**s<-rn 
tfjesst^wa^Jtinu MgS/hs<tntf»«tti 

4*lX^*:/TW0#;iS*l* i fc0>£'r«. h->a 
> hn-;i/x— ^£5*v>^irV >Mg«$ (g 

4) t^-r 

[0 0 5 9] 
[ftl 4] 



(0 g Mg^ 1 ) 



[0 0 6 0] 
[*4] 



S - > a > h n - f - ^ 






1 


0 




2 


0 


2 5 


3 


0 


5 


4 


0 . 


7 5 

■ — — . . 



20 



%-p"r-$ s 



tfcTS*. (fti o) jc»-r i »a»o*att 

[0 0 6 7] «±(Dcfc3fC, *PJOiffi©^Ii:J:n 



[0 0 6 1] y^ydo t telPA. 



T^^V^o 

[0 0 6 2] h«<D*«*»lcr?^T 

tcfejsfflswrseitT^^o -tntaBi i 8 tc^-r 

u - H t Vi?X tf-Xtf)£Pl <d=swt Y 5 * >x A d m 

ii» *e*s«>»'&tt, (fti 5) Ks-rwfisa; 

[0 0 6 3] 
[ftl 5] 

adm(x)=4-x 2 (Ogxg xa(D«^) 
adm(x)=0 (xa<x<D8§) 



[0 0 6 4] 
1 6) CDcfcSlC&S. 
[0 0 6 5] 
[ftl 6] 



1 1 ) 0!S##g5£tt (i 



xdot=-z-( B*x ) 

ydot=(4-x r )*(s-y+P) 

zdot=CA*x)-{(s-y+P)/m} 

x = x + (xdot* A T ) 

y = yf ( ydot *.A T ) 

z = z + ( zdot *;A T ) 
iB L A=r/nu B = k/m 
[0 0 6 6] #»91©^JE<Z>^iiTtt, yp-tr^ltl 0 
3*fflViTfS»*3B* (:?>?* ;W <B»*T^]*«131* 
fT-5£££iS9Ib£3^ (»7) **V>tt (ftlO) fc: 



6 (B) ) ^yD-^i^§ffi (H7 (B) ) 

dt^T**. I6»*8SCS (ftl 1) tc^-T^ 

co^b (ftl 6) fc^t"fc<Dt£^M"r§CiK:«fc9, ^ 

30 [0 0 6 8] MODE7 7Wfl0Of-&, 

a^^-^iCS^^, ATfMMffil 0 5** (SI) fC 

[0 0 6 9] MODE7 7^Il®«^ tf-y 

?-**m»l 0 9^ttttIbfc*^Ot;^^fC»^*, AT 
SJffllffl5l0 5*< (*2) ^^RT^^fTO J:^(rb^cO 

T\ ey^KH&xsasatflSii:!*}. **V^4» 
[0070] msas^-^jcstj*, ^-y 

40 ffl»«10 6*« (S3) ^"rfttftSfTicfcifcUfca) 

[0 0 7 1] Sfc, h->n>ha-Jl/x-^tcS^ 
5*"»^«»«1 0 7** (*4) fc*-r*«l*ff 

^ yp-tr^it l 0 3 a* (ft l 4) <7>^4^>>yy*f > 

T#£ e 

[0 0 7 2] &45, #^Jfc<0»flBK:i3^Ttt, n«A* 



^IT^^ffl^fc^ 0 6 (A) ^0 7 (A) 
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T. 06 (A) ^07 (A) ©i£^£3}D#*.3<fc3{C 
[0 0 7 3] 

SEES <Bfa©**«#) •£>«»)-> Si l^-h-^ 

St. *)*rja:^O^ffl«#*fi»^5iU-h#aC4J 10 

TA^T-Sfl-g&fS^A^a fl-gBff^Aft* 

aawfc£©tt*fs^*«ttiu r©{t^^ffluxa 
feet, iMunwefc-fb (WAtf^p— ;n8) zmw-r 

[0 0 7 4] Sfc. *%BJ« ( #«»©«»*8SCS* 
##g*©#^*P< £ifc±B*S#©P*IHft»©# 

Dj->5iU—i-#at. #j*££©ft»«#*fi«i->5 20 

#-r*tt»ft^A#*at. iSKj->Sa.^-h#a!C:fc 

*i;T«jtr*ATtt»^ai£«*. AT«»^a 

(Sfi) ©ilv»lc»«rr*«/J^IBI3iAT©ffl[*lW»-r 

-5. 

[0075] #«9itt. #*«*©*$}>:#est£ii 

«-*S3S©»iCT*<c:t^J:0*S«©«fM«»©» 30 

i->sai/-h?ftt. *^j&:ir©na5«#*«»">3 

a 1/- h#ac4JttS«»*8iC©5fi««»«t L/TA 

*-r**M*«#Aa^a£. ^»)->5^u-h^atc*5 

WSS«-*SSC©«/M*IBI«AT*S^*td:©*J.aft^ 
©Ky^KfcUTSEH-rSATSMM^afc. *j*fc£© 

*««^©i; yfafflfgt^ix, tf-v^am^a 

«*. «J»fti:©n««^©try^*«WlL-. ATMW^ 
a#, ttfflSnfclfy^KJteUT. «/h«fWfliAT©IS 

£SiWrs«fc'5tCL;t:©T\ -^©tf-y^tCftjl&^fiS: 40 

[0 0 7 6] *^B^tt, #«jB?©«»*asc*« 
»*SiC©»iC-C*< d £ ic J: 0 X»«©l$m&jg©& 

t->5aU-h¥at. «^tt^©na5«#*IB»->5 
a h^a^4JttS«E»*li*©a«Wli»3li: LTA 
^-r^^gBff^A^^at. fiftS'Sa.U-h^afc* 

HftN^ww-rs^-T'iww^aifefiTL. ju-^ww 
^aa<. Jt^^nfe^gsan^^-^ttj^CT. *§§© 50 
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as c&e> ©at»«c*#«-r*N©ffl*ww'r*j:'5K 

[0077] #*»©«»*sa:6^ 
»*eit©»iC"c* < c t ic j: 0 ft8§&©&m&»©& 
«icwmpuv»«fm«» (Bfa©*e«*) 

3. h*at^»*is»*s*©aHWiii!i3it lta 
a-r**v««*A*^a£. fi»->3 3.u-h#a&fe 

(ti.I^gStO«yt^ 1 &M#JIy doti 
&fi^Ufct)©*ffi*-r*itt>K:-t©5+-»i'Jt* 

«fp-r * 5 * -» {fmwm® tsiA. 5 * -» yaf 

l^M^JSy d o t ©S^^it^irf £«fc?lcb 

fc©T?. ffl*!CBlTM©^fiE#^-^©^^fi^flJffl 

[0 0 7 8] ftjfc. #5£9itt, sfcg§©fg«*#-XA£ 
HHffb. *S©««IB«-Cffi3T*iaBSt. *^©*"» 

(wa©*«©tfy^*i*jer*»») n«ar* 

a-r*isitts«ioi»<itfe»ci8iga5«'ic«a-r*iiiK 
fc#LT**fc£©ev^£*rr A*-r* 

«/£©HJB§ (IUSSB) £#a&, [iISSB©fS^5!ia©f*3# 

*#*»©a»*a*»c«ai-r*cti:«fc-3T, 

£ ©^{f ^ ic <£ ^ Tit t£^&$W ©T # 5 T ^ n y Ie] 

[0 0 7 9] ft*:. *§§©«# *#-;CA£ 

*WrU 3S5ig©5Bii«»CfflarsiHlKd:. *»©#■» 

ST4 IsISS^K 0 1$ < £ £ fetC^tg^lcffl^f -5 m% 
lC*f ITf^ft E<D if y ^£*"t ^£ A^J-T^ 

4ftj£©lsI18 (0KB) EII8B©«-f*ffl.3©rt« 

*#*»©«»*aicic«*u. Mic#«»B©««-*e 
Sfcatj*#ift»©3i«-*aics*«>* - 1 ic «k o t. 

SJtfttt*©n«««l=«tt>Tift«S i e»IW©T€r«'rS; 

^;nmK*#je©^j«7'ji'^'jXA**a-r*Ji£*»Ts!r 

-So 

[0S©ffiWcCi^HJ] 

[01] *89!©£%©J£ffilc<fc«ft«£j«&B©#!j£ 

[02] ra**^j«s«©^D-feyu-*«^ff-r*a»* 

[0 3] te*©**-&J«S«*Wl»ft:Ufc^'ny^H 

[0 4] **^-riE8«©«S©«!ric#teS*-rynyi/BI 

[0 5] *W-&)5!cSS©<t&©filfiK^ffi^*-r^P -y ^0 

[0 6] ^J^x-^ t&f&^^-fOltfLBm 

[0 7] W^5 :? -^<t-&fiK^^-^©iK^0 

[0 8] ^^JlCiJ^^^^^gSW^Py ^0 

[09] mm^&i&mme>Mm%<Dm&ffii$.m 

[010] h 5 >^ <y h <£^#T-5^©#©tgSj«^5 
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imi2] hy>^y b&^m-r&mvmoQm&^m 

[HI 5] h^y^y h<D^&&J&TZ>m^<D&m^<D 

[ii6] iJ"*y7*>*ft*"rsiR©u--h ! oii»« 

[HI 7] +f*v:7*>£qK#t"5IR<oy-H©Stt 



18 



10 



[Hi 8] if*y7^>*p»:#"rsis<z)u--H©si»<o 

i o 2 7^-p^x^^;psejft» 

103 yDtyD- 

1 0 4 xx^;U7^P^^gg 

1 0 5 ATSdPffl 

10 6 

10 7 ^>->> 

1 0 8 -feU4^ 

109 tfy^-fflHlS 



[HI] 



[HI 0] 



107 



,106 



AT 



'105 



37 



t/108 



B 



T 



109 



10? 

_z 



102 



DC ^ 




[HI 1] 



103 



^ □ t? »y +f 



» |~D 



104 



A C 



102--7Wr7VH*»B, 104-- ■ry'MrWfcfcS 



[H3] 




P^H^7-^ P 




20!-. 



90?- -aaH, S03- -ftJFtf 



( 11 ) 
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[0 2] 

|~sTa"r 



[06] 



T 

z ' . 



x ^ 

f N«-0 | 



N + +1 

1 







5 

2 




I- 


d 


O t =-2 


: - ( A * x ) 


.1. 


1 yd 


o 


t = X 2 * 


( s - y + P ) 1 




1 zdo 


t 


= (B*x)-(s-y + P)/m| 


J, 


* 




x + ( x d 


o t * AT ) I 


J, 






y+ (ydot*AT) 




2 




z + (zdot*AT) 




CB> 
ydot 



N o 






H 














t"1 










— ^ 



[HI 6] 




1 7] 



7>7^tf-^AmH 



[H4] 



606 



60? 



sot 



HE 



603 

^ 



504 



30t 



out(t) ; 




777777 



8] 




( 12 ) 
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[H5] 



60S 



7 >7*j v t r - ^ A i 



□ rt5*f - * p- 



«3H 



602 



603 



601 



302 



s-ytP 



ydot j 



[0 7] 



[09] 




(8> 
ydot 









\. / 1 






T 









701 



A P 



704 



701 7C2 -JtoJUS 

703.7Q4-- i|i£S % 7O5,70«.7O7 - **& 



[08] 




606 



601 



A P 



A d 505 



U o 



60S 



V ^ p 



7- -f 



601,605; -SEKgl, 604-..jfeHa 
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